In a principal-agent relationship, although the principal (e.g., the investor) can control the inputs and decide the motivated payments to the agent (e.g., the top management team), she cannot have the ability to decide how many outputs she can be rewarded. Since the motivated payments the agent gains from the principal are closely related to the uncertain outputs, they also have the characteristic of uncertainty. Furthermore, the attitudes and behaviors of both parties, such as risk attitude of the principal/agent on the uncertainty of outputs/motivated payments, can have significant influence on the efficiencies of two parties and consequently affect the enthusiasm and effort of the agent. To address this issue, chance constrained data envelopment analysis (DEA) approach is proposed. Based on this stochastic approach, the measures of the principal's efficiency, the agent's efficiency, and the agent's effort level are provided. A case study of 16 China listed real estate companies validates our models and shows that the uncertainties of outputs and payments have significant influences on the efficiencies of the principal and the agent and the effort of the agent as well.
Introduction
The principal-agent relationships are ubiquitous in modern companies. The investors (the principal) delegate the top management teams (the agent) to control the firms with their professional knowledge and skills [1] [2] [3] . When these two parties engage in a business relationship, their interests are usually not perfectly aligned [4] . The principal's goal is to obtain more revenues while paying less compensation to the agent. Contrarily, the agent targets higher payments from the principal with lower human capitals (knowledge, ability) and fewer efforts. Usually, the agent's actions cannot be observed by the principal (hidden action) [5] . In such case, the principal faces the problem of providing incentives for the agent to take the desired actions and make the best of efforts [6] .
In real application, although the principal can control the inputs and decide the motivated payments to the agent, she ("she" in this paper) cannot have the ability to decide how many outputs she can be rewarded. The reason lies in that the magnitude of the outputs depends upon various external factors such as the economic condition, demographic change, and other socioeconomic factors. Specifically, the agent's efforts can also have a significant influence on the quantities of the outputs. Such uncertain relationship is similar to the production relationships which are usually stochastic in nature. For example, complexity and uncertainty of manufacturing process enable the considerable variability of the product, and market unpredictability makes the new designs uncertain in new product development setting. Consequently, the principal's outputs, as well as the product and new designs in various scenarios, have to be considered as stochastic variables [7, 8] . In addition, since the motivated payments the agent gains from the principal are closely related to the uncertain outputs, they also have the characteristic of uncertainty and are viewed as stochastic variables as well.
Intrinsically, the attitudes and behaviors of both parties, such as risk attitude of the principal/agent on the uncertainty of outputs/motivated payments and the extent 2 Mathematical Problems in Engineering of uncertainty of the outputs/motivated payments, can have significant influence on the efficiencies of two parties and consequently affect the enthusiasm and effort of the agent. Some researchers have discussed this issue. Holmstrom and Milgrom [9] predict a negative trade-off between risk and incentives. Prendergast [10] argues that an uncertain environment may lead to a positive risk-incentive relation. He et al. [11] study the interplay between profitability uncertainty and moral hazard and find that the relatively high risk aversion of the agent leads to the negative uncertainty-incentive relation, whereas the relatively low risk aversion leads to a positive uncertainty-incentive relation. However, little effort has been devoted to investigate the influence of uncertainty on the performance evaluations of the principal and the agent. Specifically, how to better describe the uncertain characteristics of the outputs and motivated payments? How to depict the risk attitudes of the principal and the agent on the uncertainty? How to identify the extent of uncertainty of the outputs and motivated payments? How does the effort of the agent affect the performances of both parties? How to depict the effort level in an explicit way?
This study is to answer the above questions. We first identify the factors with uncertain characteristic in the context of the principal and agent. The outputs of the principal and the payments the principal motivates the agent to are suggested to describe the uncertainties two parties have to deal with. We define various risk criterions to describe the risk attitudes of two parties. Derived from chance constrained programming (CCP) [12] , we propose stochastic DEA models to investigate the efficiencies of two parties by incorporating the uncertain factors and the risk criterions of two parties. We further study how the effort level of the agent affects the efficiencies of both parties. By comparing with the efficiencies in cooperative and noncooperative situations, we can better characterize the relationship between the principal and the agent in uncertain environment.
The remainder of the paper is organized as follows. Section 2 introduces deterministic DEA models for the efficiencies of the principal and the agent and then proposes stochastic DEA models by considering the uncertainties of the outputs and motivated payments. Section 3 extends to the integrated models. Section 4 applies the proposed models to the efficiency evaluations of China listed real estate companies. Conclusions are provided in Section 5.
Basic Models
In classical principal-agent theory, the principal hires the agent for the services of the executives according to an explicit or implicit contract. The executives are granted certain decision-making powers to allocate the resources invested or owned by the principal and exert efforts to make profits for the principal. In addition, the principal has to pay an appropriate remuneration to the agent based on the quantity and quality of the services provided by the latter. Within the principal-agent relationship, the principal pursues an increase of her wealth, whereas the agent seeks higher wage subsidy and more luxury and leisure time. This inevitably leads to the conflicts of interest between them, which has significant impacts on the performances of both parties. Next, we first propose the efficiency structures of the principal and the agent and analyze how to appropriately estimate the efficiencies from individual perspective of the principal and the agent. We then extend the situation in which the inputs and outputs are deterministic to a stochastic scenario where the uncertainties of inputs and outputs are taken into consideration.
Suppose there are independent decision maker units (DMUs), denoted by ( = 1, . . . , ). Figure 1 describes a typical principal-agent structure, in which each DMU is composed of two decision makers, the principal and the agent. In the principal's perspective, she invests various resources ( = 1, . . . , ) to gain the outputs of the firm, ( = 1, . . . , ). She also pays the executives with motivated payments, ( = 1, . . . , ), which are viewed as one of the input classifications. In the agent's perspective, he ("he" in this paper) devotes human resources ( = 1, . . . , ) and takes actions (efforts) 0 to earn the payments ( = 1, . . . , ) from the principal.
The Efficiency of the Principal.
In this subsection, we first present a DEA model for measuring the efficiency of the principal in a deterministic perspective and then extend to a stochastic scenario by taking into consideration the uncertainties of the inputs (motivated payments) and outputs (organizational outcomes).
The Inputs and Outputs Are Deterministic.
From the principal's perspective, her performance is influenced by the inputs (e.g., investment, motivated payments) and the organizational outcomes (e.g., profit, strategic change) and can be estimated by the deterministic DEA model (an outputoriented model with constant returns to scale) as follows:
where the symbols ,̃, and 2 represent weight multipliers related to th output, th motivated payment, and th Mathematical Problems in Engineering 3 input, respectively. Suppose * ,̃ * , and 2 * are the optimal multipliers of model (1) and the efficiency of the principal is defined as 0 = ∑ =1 * 0 .
The Outputs Are Stochastic.
In classical principal-agent relationship, the principal has the incentive to induce higher efforts from the agent with higher payments, whereas the risk arises and the uncertainty of the outputs increases. There exists a challenge of how to estimate the efficiency of the principal when the outputs are uncertain and stochastic. Specifically, how is the performance of the principal affected by the risk attitude and criterion of the principal?
It is clear that model (1) can only deal with precise dataset when evaluating the efficiency of the principal but cannot effectively deal with the situation in which the organizational outcomes are uncertain and stochastic [13] . As Land et al. [7] argued, this uncertainty has significant influence on the efficiency evaluation results, and the concept of "efficiency" must somehow be related to how the DMUs deal with uncertainty. Otherwise, the efficiency results would be distorted and cannot comprehensively reflect the realities. Thus, model (1) cannot provide more accurate efficiency information for the principal in a setting with stochastic organizational outcomes. In what follows, a new stochastic DEA approach based on chance-constrained programming is developed to model the efficiency problem with the uncertainty of the organizational outcomes.
We first analyze the situation in which the principal can control the quantity of inputs ( = 1, . . . , ) and motivated payments ( = 1, . . . , ) as her decision variables, whilst being unable to control the outputs ( = 1, . . . , ), because these quantities depend upon external factors such as an economic condition, the agent's effort level, a demographic change, and other socioeconomic factors. Hence, the inputs and motivated payments are considered as deterministic variables and the outputs are considered as stochastic variables.
When the outputs ( = 1, . . . , ) are considered as stochastic variables, DEA model for the efficiency of the principal can be formulated as
In model (2) ,̂is a stochastic variable representing the outputs of the principal are uncertain. The symbol denotes a "probability" measurement of the corresponding constraints and ( = 1, . . . , ) is a probability that the output/input ratio becomes more than 1 with a choice of weight multipliers. Thus, can be considered as a criterion representing to what extent the principal can bear the risk. On the other hand, 1 − indicates the probability of achieving the requirement. Thus, 1 − can be regarded as a confidence level. Note that the risk criterion is a prescribed value that is measured on the range between 0 and 1. When = 0, it is required that the output/input ratio becomes no greater than unity; contrarily when = 1, model (2) omits the requirement under any selection of weight multipliers. It is stated that the confidence level can be set according to the requirement of managerial practice. In the related studies, s are commonly set as 0.05 [7, 14] . Note also that " " indicates an expected value of the sum of weighted outputŝ ( = 1, . . . , ). Suppose * ,̃ * , and 2 * are the optimal solution of model (2) and the efficiency of the principal is defined as 0 = (∑ =1 * ̂0 ). Obviously, it is also stochastic since the principal cannot obtain deterministic organizational outcomes.
Model (2) is designed to handle the uncertain outputs. This model permits stochastic variation around the frontier, but the bulk of observations still fall on one side of it [7] . Obviously, the levels of outputs in model (2) need to be estimated in the process of efficiency evaluation. Note that model (2) is a complex nonlinear program, which needs a further reformulation to obtain its computational feasibility. See Appendix A (in the supplementary materials) for detailed transformation process.
The Motivated Payments
Are Also Stochastic. In literature, given that the principal has the incentive to offer more payment to induce higher effort from the agent, the agent has to face higher risk. It in turn increases the compensation that the principal deserves to pay to the agent for bearing the risk [11] . That is, the motivated payments are also stochastic under the situation in which the principal intends to take risk of the organizational outcomes when contracting with the agent. In addition, since the motivated payments of the agent gains from the principal are closely related to the organizational outputs, it inevitably increases the stochasticity of the payments when the outputs are uncertain. In an effort to further investigate the impact of uncertainty of motivated payments on the performance of the principal, it is meaningful and practical to extend model (2) to consider the payments in a stochastic way.
Based on model (2), when the outputs ( = 1, . . . , ) and motivated payments ( = 1, . . . , ) are considered as stochastic variables, DEA model for the efficiency of the principal can be formulated as
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It is clear that the motivated paymentŝ( = 1, . . . , ) are considered as stochastic variables in model (3), contrary to the deterministic ones in model (2) . In addition, the constraint
. In this way, we can estimate the efficiency of the principal from a stochastic perspective and identify how the uncertainties of the outputs and payments affect the efficiency by comparing with the deterministic efficiency. Similar to model (2), model (3) can be transformed as a deterministic model. See Appendix A for detailed transformation process.
In real applications, the motivated payment is closely related to the organizational outcome. He et al. [11] define the payment as a linear function of fixed payment (i.e. fixed salary) and the output (i.e., profit). For example, = + , where is the fixed salary; is the incentive coefficient; is the payment; and is the organizational outcome. That is,ĉ an be replaced bŷ= +̂.
In practice, although the principal has the incentive to offer motivated payments to the executives based on their managerial performances and contributions to the organizational outcomes (e.g. profits), the inner principle which correlates witĥdoes not perform actually. For example, although American International Group (AIG) loses $100 billion in 2009, the group has resorted to U.S. government for $116.5 billion for bonus of the executives. Another example is that the executives of BOE Technology Group Co., Ltd., receive a total payment of ¥10.49 million whereas the net loss to parent company exceeds ¥2 billion. In the book of "Pay without Performance," Bebchuk and Fried [15] demonstrate that the defects of corporate governance structure enable executives to use the power granted by the principal to affect their own pay. In operations, the executive pay is based on the bargaining power of executives and the board of directors. In addition, the "colleague friendship" and "team spirit" strengthen their psychological basis of mutual compromises. Moreover, since the directors preferring to executives have very little cost and the shareholders have limited rights of intervention, this makes the payment of executives isolated from the performance.
In addition, if the payment is considered to correlate witĥ, the stochasticity of̂increases the uncertainty of the payment, and the agent becomes more risky as well. Consequently, the efficiency of the agent is affected greatly. In this study, our objective is to propose models identifying whether the uncertainty of payment has influence on the efficiency in a simplified situation in which the uncertainty of payment is derived from its own variance. In this regard, model (3) can well satisfy this goal.
The Efficiency of the Agent.
In previous subsection, we discuss the principal's performance in a selfish perspective. Since the principal and the agent are two independent decision makers in classical principal-agent problem and orient distinct objectives, it is valuable to further investigate the performance of the agent and identify how he exerts effort to facilitate the contract between two parties. We first present a DEA model to estimate the efficiency of the agent given that the payments are deterministic and then extend it to a stochastic model considering the uncertainty of the motivated payments.
The Payments Are Deterministic.
Recall, in a conventional principal-agent relationship, the principal grants the managing and decision-making powers to the agent to accomplish her profit purpose. The agent also has the incentive to make good use of his human capital, such as professional knowledge and skills, and exerts appropriate effort to obtain motivated payment from the principal. In the agent's perspective, the inputs are human capital ( = 1, . . . , ) and the effort level 0 , and the outputs are motivated payments ( = 1, . . . , ). Thus, the efficiency of the agent can be estimated by the DEA model which is similar to Banker et al. [16] .
where 0 is a variable input and indicates the effort level of the agent is variable. Based on the human capital ( = 1, . . . , ), the agent can adjust 0 to correspond to the motivated payments ( = 1, . . . , ). Given that̃( = 1, . . . , ) are the expectation of the agent, if >̃, 0 is suggested to be larger than 0, which implies that the agent has the intention to take positive actions; if <̃, 0 is suggested to be lower than 0, which means that he has the incentive to take negative actions.
=̃is a special case in which the agent thinks that the payment is what he deserves and he will remain at current level of effort. In this situation, 0 is equal to 0. Thus, 0 is a variable input and is assumed to freely change as the agent's willingness. Suppose * and 1 * are the optimal multipliers of model (4) and the efficiency of the agent is defined as 0 = ∑ =1 * 0 .
The Payments Are
Uncertain. In many settings, the motivated payments of the agent are not certain. For example, the principal adjusts the level of payment according to the performance of the agent in last periods and determines an Mathematical Problems in Engineering 5 appropriate payment in current period or links the payment with the organizational outcomes in a dynamic way. In addition, the principal may also adjust the payment for other special purposes. In this perspective, the motivated payment shows a relatively high uncertainty in real applications. In order to further investigate the impact of the uncertain motivated payments on the performance of the agent, it is meaningful and practical to extend model (4) to characterize the uncertainty of the payments. Based on model (4), we then propose the following model to evaluate the efficiency of the agent.
In model (5),̂is a stochastic variable representing the motivated payment is uncertain in the agent's perspective; denotes "probability" measurement of the corresponding constraints and ( = 1, . . . , ) is a probability that the output/input ratio becomes more than 1 with a choice of weight multipliers. Thus, can be considered as a risk criterion representing to what extent the agent can bear the risk. On the other hand, 1 − indicates the probability of achieving the requirement. Note that the risk criterion is a prescribed value that is measured on the range between 0 and 1. When = 0, it is required that the output/input ratio becomes no more than unity; contrarily when = 1, model (5) omits the requirement under any selection of weight multipliers. It is stated that the confidence level can be set according to the requirement of managerial practice, which is similar to the implication of . Note also that " " indicates an expected value of the sum of weighted ( = 1, . . . , ). Similar to model (2), model (5) can be transformed as a deterministic model. See Appendix A for detailed transformation process. Suppose * , 1 * , and * 0
are the optimal solution of model (5) and the efficiency of the agent is defined as (∑ =1 * ̂0 ). It is worth noting that, in order to obtain a higher performance, the agent has the incentive to adjust the level of effort to fit the payment motivated by the principal. Specifically, a higher payment may not induce a higher effort, whereas a lower payment may spur the agent to exert a higher effort contrarily. This is consistent with moral hazard in principal-agent literature.
Incorporating the Performances of the Principal and the Agent
In previous sections, we discuss the situation where the principal and the agent desire to optimize her/his efficiency independently. Since the motivated payment is one of the output classifications of the agent and one of the input classifications of the principal, an inner linkage is formed between two parties, which directly affects their efficiencies simultaneously. A question arises on how to characterize the linkage between two parties. In some practices, the agents manage the firms based on the payments from the principals and have the incentive to make their effort levels appropriate to the payments. The more the payments, the higher effort they may exert. In this regard, we can make an identification that they work in a cooperative manner and desire to improve their efficiencies simultaneously. In other cases, one party is assumed to be the leader in the principal-agent relationship. That is, the party has the priority to optimize the performance, and the performance of the other party is optimized subject to the requirement that the leader's efficiency holds constant. We will depict the two situations in detail.
Cooperative Model in Deterministic
Scenario. First, we characterize the linkage between the principal and the agent in the context of cooperative situation when the input-output bundle is deterministic. On the basis of model (1) and model (4), we propose the following model: 
Mathematical Problems in Engineering where the objective is to maximize the arithmetic average efficiency of the principal and the agent. Note that ( = 1, . . . , ) have dual roles: outputs for the agent and inputs for the principal. This implies that the two parties have inner conflicts and cannot be mediated. Since both parties have the incentive to simultaneously improve the efficiencies, a tradeoff can occur that the principal offers an appropriate payment motivating the agent and the agent also exerts appropriate effort fitting the payment. In this way, any party can benefit the other with the desire to optimize the performances and consequently improve the efficiency of the firm with the principal-agent relationship.
The efficiencies of the principal and the agent are 0 = ∑ =1 * 0 and 0 = ∑ =1 * 0 based on the optimal solution of * , * ,̃ * , 2 * , 1 * , and * 0 .
Cooperative Model in Stochastic
Scenario. Similar to model (6), we propose the following model to illustrate the influence of the uncertain outputs and payments on the efficiencies. On the basis of model (3) and model (5), we propose the following model: 
In model (7), the principal and the agent are assumed to face the uncertainty simultaneously, and and represent their risk criterions, respectively. If only one of the parties is risk preferred or averse and the other is risk neutral, we can adjust the criterion correspondingly. For example, if = 0, it is required that 1 − in the first constraint is replaced by 1 while holding the other constraints constant. In some applications, the agent does not have the incentive to earn an uncertain payment from the principal; we can omit the risk criterion of the agent by replacing 1 − in model (7) with a constant 1.
It is worth noting that the efficiencies of both parties are affected by the risk criterions. Specifically, the risk criterion of a party can affect the performance of the other and vice versa. As we mentioned above, given that the principal desires to offer more payment to induce higher effort from the agent, the agent has to face the risk not only from his own attitude to risk but also from the principal's pursuing for more profits. This can be well illustrated from model (7) by the influences of 1 − and 1 − on efficiencies.
In addition, the agent can also have the intention to better control the effort level 0 in order to adapt the variance of the input-output vectors. Thus, the effort is also affected by the level of risk criterions, and .
Similar to model (2), model (7) can be transformed as a deterministic model. See Appendix A for detailed transformation process. Solve model (7) and we obtain the optimal solution ( * , * ,̃ * , 2 * , 1 * , and * 0 ), the efficiencies of the principal and the agent are 0 = (∑ =1 * ̂0 ) and 0 = (∑ =1 * ̂0 ), respectively. Different from model (6), model (7) characterizes the influence of the uncertain payments and outputs on the performance and well depicts the influence on the effort level change.
Noncooperative Model.
One form of a noncooperative game is characterized by the leader-follower assumption. In this situation, the performance of the leader is more important, and the efficiency of the other party (follower) is evaluated, subject to the leader maintaining its efficiency [17] . In subsections, we consider noncooperative conditions from the principal's and the agent's perspectives in which she/he dominates the system, respectively.
The Principal as the Leader.
If the principal is assumed to be the leader, the efficiency for the principal can be calculated using model (3). Once we obtain the efficiency for the principal, the agent will only consider that the efficiency score of the principal remains 0 * . The model for computing the agent's efficiency, 0 , can be expressed as 
The objective of model (8) is to maximize the agent's efficiency while ensuring that the optimal efficiency of the principal is guaranteed. The optimum value 0 * is the optimum efficiency of the agent. Similar to model (2), model (8) can be transformed as a deterministic model. See Appendix A for detailed transformation process.
The Agent as the Leader.
In a similar manner, if the agent is assumed to be the leader, the efficiency for the agent can be calculated using model (5) . Then, the model for computing the principal's efficiency can be expressed as The objective of model (9) is to maximize the principal's efficiency while ensuring that the optimal efficiency of the agent is guaranteed. Similar to model (2), model (9) can be transformed as a deterministic model. See Appendix A for detailed transformation process.
Empirical Analysis
In this section, we empirically test the prediction of the relations between uncertainty and efficiency. We also investigate how such uncertainties affect the effort level of the agent.
Case Description. Due to the availability of the data, we collect the data of 16 real estate companies in China from the 2012 China Stock Market Financial Statements Database and China Listed Firm's Corporate Governance Research
Database provided by the CSMAR. We select the asset (¥millions), equity (¥millions), and numbers of employees as the inputs and net profit (¥millions) as the output of the principal, which is similar to Seiford and Zhu [18] and Liang et al. [17] .
As to the top management team (the agent), there is a large empirical management literature that investigates the role of human capital on organizational outcomes [19] [20] [21] [22] [23] . It is relatively uncontroversial to claim that human capital, in terms of both education background and experience, is associated with superior firm performance [19] . Entrepreneurship scholars have demonstrated that the quality of the team's past experience benefits their firm [24] [25] [26] . In this study, we take the stock of human capital as the human resources of the top management team. In particular, the average age of the executives represents social practice capability, and average educational year indicates the mind, learning ability, etc. In addition, the annual salary of management (ASM, ¥millions) is the motivated payment from the principal. The inputs and outputs of the principal and the agent can be reported in Figure 2 , and the descriptive statistics for the data set are summarized in Table 1 .
Following Land et al. [7] , we assume that the observed outcomes and motivated payments coincide with their mathematical expectations; i.e., (̂) = = and (̂) = = ( = 1, . . . , ). Thus, these estimated outcomes and payments are considered as the expected outcomes and payments. The standard deviations of outcomes and payments for each DMU can be obtained by using the data of estimated values during five successive years (2008) (2009) (2010) (2011) (2012) . The mean values and standard deviations of estimated outcomes and payments are shown in Table 2 . 
Computational Results.
To illustrate the rationality of the proposed stochastic DEA approach, we first compare the computational results of 16 DMUs from the deterministic models and our proposed models, i.e., model (1); model (2) and model (3); model (4) and model (5) . Evidently, the application of models (2), (3), and (5) will inevitably involve the determination of risk criterion and ( = 1, . . . , 16).
In the related studies, and are commonly set as 0.05 [7, 14] . In order to investigate the impacts of and on efficiencies and the effort level, we further apply two sets of values; i.e., , = 0.1 and , = 0.2. Tables 3 and 4 report the overall computational results.
The following is found in Table 3: (1) In model (2) and model (3), the efficiencies of the principals are increasing in the risk criterion ( ). A possible reason is that the stochastic DEA models are to replace "hard" frontiers of deterministic DEA with "soft" frontiers. This also demonstrates that the risk criterion can have influence on the efficiency evaluation in the context of the principal and the agent. If such risk attitude is ignored, the resulted performances may not be practical.
(2) It is worth noting that the results of model (1) are the same as model (2) with = 0.5. The efficiency results are also shown in Table 3 . This indicates that the deterministic model is a special case of the proposed stochastic model. Moreover, given the risk criterion is lower than 0.5, i.e., = 0.05, 0.1, 0.2, the efficiencies of the principals in model (2) is lower than that in model (1).
(3) If < 0.2, the efficiency of the principal in model (3) is lower than that in model (1). However, if = 0.2, it does not hold because the efficiencies of 5 principals in model (3) are larger than that in model (1) . A possible reason is that the payments are also viewed as stochastic variables, which induces the risk criterion on stochastic payments to have influence on the efficiency evaluation. In addition, in model (3), when = 0.2, three principals are judged as extremely efficient (i.e., the efficiencies of these principals are larger than 1). The reason for these extremely efficient principals may be due to the risk criterion ( )(as we know, in deterministic DEA approaches, the efficiency scores are commonly restricted to a value no more than unit. However, in stochastic DEA models, this stochastic efficiency can be released by using risk criterion ( ) and [27] ). This indicates that the proposed model may have relatively higher efficiency discriminating power than that of the deterministic DEA model. Furthermore, the stochastic DEA model can identify extremely efficient principals, which cannot be done under deterministic approach [28] .
(4) The efficiencies of the principals in model (3) are larger than that in model (2) . It indicates that the stochastic characteristic of the payments the principal motivates the agent can be beneficial to increase her own efficiency.
The following is found in Table 4 : (1) The efficiencies of the agents in Model (5) are increasing in the risk criterion .
(2) It is worth noting that the results of model (4) are same as model (5) when = 0.5. Consequently, given the risk criterion is lower than 0.5, i.e., = 0.05, 0.1, 0.2, the efficiencies of the agents in model (4) are lower than that in model (5).
(3) In model (5), except for CHJK, TIAN HONG and SHI MAO, the agent's effort level 0 will increase or hold constant when the risk criterion increases. This indicates that for most of the agents, the effort level is positively related to the risk criterion.
To further investigate the influences of the risk criterion and on the efficiencies of both parties and the effort levels of the agents in the situations where two parties cooperating or non-cooperating, we compare the computational results of the deterministic models and our proposed stochastic models. Given the chosen risk levels of two parties, i.e., = 0.05 and = 0.05, the results are displayed in Tables 5 and 6 .
The following is found in Tables 5 and 6: (1) In cooperative situation, except for BAHRE and GUANG YU, the efficiencies of the principals and the agents in model (7) are lower than that in model (6) . (2) The efficiencies of the principals in model (8) are larger than that in model (7) and (9) respectively. This indicates that the efficiency of the principal in the situation where she is a leader reaches the upper bound of the efficiency.
(3) The efficiencies of the agents in model (8) are equivalent to that in model (9) . This clearly shows that although the agent is a follower, he can also reach the maximization of the efficiency by adjusting the effort level.
(4) The efficiencies of the agents in cooperative situation (model (7)) are lower than that in the situation where the principals are leaders (model (8)). It also implies that the agent has the incentive to possibly put himself in a favorable position by adjusting the effort level even if he is in the dominance of the principal. For example, the effort levels of the agents in the DMUs such as SZZY, BAHRE, RONG AN, ZHONG TIAN, TAI HE and TJFDCH, are larger than that in model (7), which gives a glimpse that they intend to raise the effort level as followers.
(5) The efficient DMUs in deterministic scenario are inefficient in stochastic scenario. For example, SZZY, BAHRE, RONG AN and SHI MAO are efficient (i.e., the efficiencies of these principals are 1) in deterministic scenario, whereas these DMUs are inefficient in stochastic scenario. More similar examples, see OW, CHJK, TIAN HONG and SHI MAO (the efficient agents), etc.
In addition, to further illustrate the changes in relatively efficiency (e.g., rank orders), we compare the efficiency ranks of the deterministic model and the proposed stochastic model (i.e., the third and sixth columns in Table 5 ). It is found that the efficiency ranks of the principals in stochastic scenario are different from that in deterministic scenario. For example, BAHRE is ranked second in deterministic scenario, whereas this DMU is ranked eighth in stochastic scenario. More similar examples, see TIAN HONG, SHI MAO and SHOU CHUANG, etc. These results indicate that the relative efficiency changes after introducing uncertainty.
Sensitivity Analysis of the Standard Deviations of Outcomes and Payments.
To further investigate impacts of the uncertain outputs and payments on the principal's and the agent's efficiencies, similar to Zha et al. [14] , we in this subsection conduct the sensitivity analysis with respect to the standard deviations of outputs and payments.
In order to implement this analysis, four scenarios are considered with respect to the decrease and increase in the standard deviations of outcomes and payments by 1% and 5%, respectively. The results of efficiency and the effort level under model (7) with , = 0.05 are reported in Tables 7 and 8 .
The following is found in Tables 7 and 8: (1) The efficiencies of the principal and the agent increase when the standard deviations of outcomes and payments decrease. That is, the larger the variations of outcomes and payments are, the lower the efficiencies are (models (8)- (9) have similar trends which can be seen in Appendix B).We take SZZY as an example to illustrate this point. In model (7), SZZY has gained the efficiency scores 0.8578 (the principal) and 0.6227 (the agent) when the standard deviation of its outcomes and payments decreases by 5%; its efficiency then decreases with the standard deviation rising; when the standard deviation increase by 5%, it has achieved the lowest efficiency scores 0.8415 (the principal) and 0.6070 (the agent). This indicates that the uncertainty levels of outcomes and payments significantly influence the stochastic performances of the principal and the agent.
(2) Except for SZZY, TAI HE, and CHJK, the effort levels of other agents decrease or remain constant with the increase of the standard deviations of the outcomes and payments (models (8)-(9) have similar trends which can be seen in Appendix B).
Conclusions
This paper examines the efficiencies of the principal and the agent by taking into consideration the uncertainties of the outcomes and motivated payments. To this end, stochastic DEA models based on chance constrained programming are presented. Based on the statistical theory, the stochastic DEA models can be successfully transformed into deterministic ones for ease of the solutions. Based on the results of the empirical study, some findings and conclusions can be achieved. First, the uncertainties have significant impacts on efficiencies of the principal and the agent. This indicates that ignoring the uncertainties of the outcomes and payments in the process of performance evaluation would result in biased efficiency scores. It is noteworthy that the impacts of the outcomes and payments attribute to the decision makers' risk criterions and the standard deviations of estimated outcomes and payments. This in turn provides important implications for the management of motivated payments. On the one hand, the risk criterion directly affects the results of the principal's efficiency, which may directly influence how the principal designs incentive contract, i.e., paying uncertain compensations to the agent? This suggests that when measuring efficiency, a suitable risk criterion is required. On the other hand, the standard deviations of estimated outcomes and payments have great influences on the efficiencies of the principal and the agent. This implies that, in order to improve the principal and the agent's efficiencies, the uncertainty should be taken for better control. Second, if the outputs (outcomes) of the principal and the payments she motivates the agent are stochastic, the principal can have the advantage to increase the efficiency. Third, for most of the DMUs, the effort level of the agent increase or remain constant with increase of the risk criterion. This indicates that the effort level is positively related to the risk criterion. In addition, for most of the DMUs, the effort level remains constant or decreases with the increase of the standard deviations of outcomes and payments. This shows that the level of the uncertainty has significant influence on the agent's effort level. The more uncertain the outcomes and payments are, the less effort the agent exerts, which is described by hidden action in traditional principal-agent context.
We have three main methodological contributions in this work. First, the analytical framework and models are developed to measure the efficiencies of the agent and the principal in stochastic situation. Second, we innovatively characterize the effort level as a variable in DEA context. Third, we portray possible changes of efficiency and effort level when the principal and the agent encounter stochastic situation, which can help the principal design incentive strategy in stochastic situation.
The analysis is conducted by using the dataset in the year of 2012. An extension of this study is to apply a multipleyear panel data to describe the changes of effort level and provide more insights for the efficiencies of two parties. In addition, we only consider the uncertainties of the outcomes and payments in this study. On account of the limited data availability of economic condition, demographic change and other socio-economic, it is not clear whether and how the factors affect the uncertainty in the principal-agent setting. Further investigation on this issue can also extend our study and provide some interesting topics in future research.
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